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ABSTRACT KEYWORDS
Studies to ascertain levels of erythrocyte glutathione Stransferase (Ery- Glutathione Stransferase
GST) activity of non-malarious and malarious male participants of HbAA, activity;
HbAS and HbSS erythrocyte genotypes treated with pyrimethamine/ Erythrocytes,
sul phadoxine mixture and quinine were carried out. I ncubation of erythro- Pyrimethamine/
cyteswith 1-chloro-2, 4-dinitrobenzene (CDNB) caused quantitative con- sulphadoxine;
jugation of reduced glutathione (GSH) to produce S-(2, 4-dinitrophenyl) Quinine;
glutathione, which formed the bases for the measurement of Ery-GST ac- 1-chloro-2;
tivity using a spectrophotometer. Blood samples were drawn from treated 4-Dinitrobenzene (CDNB).

non-malarious and malarious participantsat timeintervalsof 0, 3, 6 and 18
h and measured for Ery-GST activity. The control valuesof Ery-GST activ-
ity of non-malarious and malarious participants were within the ranges of
3.27+£0.13-12.50+1.58 IU/gHband 2.75+0.16 — 12.21 + 1.20 IU/gHb
respectively. Ery-GST activity of malarious participants was significantly
(p< 0.05) lower than that of the malarious participants, except that of para-
sitized HbSS erythrocytes. Generally, Ery-GST activitiesinthe presence of
the two antimalarials exhibited a biphasic profile. The first phase showed
decreasing levelsof Ery-GST activity at t <6 hfollowing theadministration
of pyrimethamine/sul phadoxine mixture and quinine to the non-malarious
and malarious participants. |n the second phase, Ery-GST activity increased
when experimental t> 6 h. Theoverall pattern of Ery-GST activity withinthe
experimental time (0 <t< 18 h) showed evidence of antimalarial induced
disturbance of erythrocyte homeostasis, which could be of relevance from
toxicological standpointsand for monitoring therapeutic eventsin malarial
disease. © 2015 Trade Sciencelnc. - INDIA

INTRODUCTION thetrade mark name of Fansidar™. The drug combi-

nation effectively blockstwo enzymesinvolvedinthe

Pyrimethamine (250 mg)/sulphadoxine (50 mg)  biosynthesisof falinicacidwithinthe parasitd. Quino-
mixtureiscommonly used for prophylaxisand treat-  lineblood schizontoci des behave asweak baseswhen
ment of certain strainsof Plasmodiumfalciparumthat  concentrated in food vacuol es of susceptible Plasmo-
areresistant to chloroquine™® and usually sold under  dia, whereit causesincreasein vacuolar pH, inhibits
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peroxidaseactivity of haem and thereby, disruptsnon-
enzymatic polymerization of ferroprotoporhyrin IX
(FPIX) - haeminto haemozoin. Thefailuretoinactivate
FPIX killsthe parasite viaoxidative damageto mem-
branes, digestive proteasesand possibly other critical
biomolecules of the parasite™.

Enzyme studieshaverevealed acollection of pro-
tein moleculeswith common characteristic high affinity
for reduced glutathione (GSH). Severd of these pro-
tein moleculeshave beenisolated from rat and human
liver3L228  pigeon, locust gut, housefly and other
sources®! and characterized. These protein molecules
areclassified based ontheir enzymatic activitiesasglu-
tathione Stransferase (GST: EC: 2.5.1.18)18, The
functionsof GSTsareclassified into two general cat-
egories?, Asintracdlular binding proteing=21, GSTson
abroad scal e function as solubilization and transport
proteins, analogousto theextracel lular functionsof a-
bumin®#, Also, GSTscatalyzethe conjugetion of elec-
trophilic groupsof hydrophobic drugsand xenobiotics
to form glutathione-thioetherdd. Thio-ethersareeven-
tually converted to mercapturic acid by the sequential
actionsof gamma-glutamyl trangpeptidase, depeptidase
and N-acetylase?%3,

GST activity hasbeenimplicated intheacquisition
of drug resistance”. However, theroleof GST activity
in malariaresi stance has not been studied, except by
Duboiset al.,[*¥ who reported that drug-resistant Plas-
modiumbergheiresulted from altered GST activity!*4l.
The present study ascertained the comparative levels
of erythrocyte glutathione Stransferase (Ery-GST) ac-
tivity of non-ma ariousand malariousmal e participants
of HbAA, HbAS and HbSS erythrocyte genotypes
treated with pyrimethamine/sul phadoxine mixtureand
quinine.

MATERIALSAND METHODS

Anti-malarials
Fansidar™ (Swiss (Swipha) PharmaceuticalsNi-
geriaLtd) and quinine (BDH, UK), were purchased
from CimpokPharmaceuticals, Amakhohia, Owerri,
Nigeria
Selection of participantgexperimental design
Fifteen (n = 15) malariousmales (59 - 79kg) in-
fected with antimalaria susceptible strain of Plasmo-

diumfal ciparumand twenty (n = 20) non-malarious
male participants (61 - 73 kg), both of confirmed
HbAA, HbAS and HbSS genotypes enrolled for this
study. The malarious participantswereindividual s at-
tending clinicsat the Federal Medica Center (FMC),
St. John Clinic/Medical Diagnostic Laboratories,
Avigram Medica Diagnostic and Research Laborato-
ries, and Qualitech Medica Diagnostic Laboratories.
All laboratory investigationswerecarried out at Avigram
Medica Diagnostic and Research Laboratories, Owerri,
Imo State, Nigeria. The malarious participants were
within the age brackets of 21 - 34 yearsold, whereas
the non-malarious participants were within the age
brackets of 20 - 28 years old. All participants were
administered with single dose each of pyrimethamine/
sul phadoxine mixtureand quinine, according tothefol-
lowing specifications, [pyrimethamine] = 14.9 mg/kg:
[sulphadoxing] =2.9 mg/kgand [quinineg] =5.9mg/kg.
Specificaly, nine(n=9) and six (n=6) of themalari-
ous participantsrecei ved pyrimethamine/sul phadoxine
mixtureand quininerespectively. For comparativestudy,
the 20 non-mal arious parti ci pants were administered
with thesamedosesof thetwo antimaarias, of which
eleven (n = 11) and nine (n = 9) of the participants
received pyrimethamine/sul phadoxinemixtureand qui-
ninerespectively.

The participantswererandomly sel ected between
Juneand August 2012. Exclusion criteriainclude; gas-
trointestinal tract infection, protein energy malnutrition,
renal diseases, cirrhos's, hepatitis, obstructivejaundice,
cancer, diabetesmdlitus, hypertension, obesity, smok-
ing, dcoholism, personslivingwith HIV, patientstaking
anti-malariadrugs and vitamin supplements, patients
who havetreated malariain the past 2 monthg*7,

Ethics

The Ethical Committee of University of Port
Harcourt, Port Harcourt, Nigeria, approved the study
incompliancewith the Declaration on the Right of the
Petient!“®. Before enrolment for the study, the patients/
participantsinvolved signed aninformed Consent Form.

Collectionof blood specimen and preparation of
erythrocyte haemolysate

Blood samples were drawn, using 5.0 mL ca
pacity disposabl e syringes, from treated non-mal ari-
ous and malarious participants at time intervals of
0, 3, 6 and 18 h. Erythrocytes were separated from
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the blood samples and washed by centrifugation
methods of Tsakiriset al.,*! with modifications ac-
cording to Chikezie,.l* Within 15 min of collection of
blood samples, portionsof 3.0 mL of the sampleswere
introducedinto centrifugetest tubescontaining 3.0 mL
of buffer solutionpH =7.4: 250 mM tris (hydroxyl me-
thyl) amino ethane-HCI (Tris-HCI)/140 mM NaCl/1.0
mM MgCI./10 mM glucose). The erythrocyteswere
separated from plasmaby centrifugation at 1200x g
for 10 min and washed 3 times by the same centrifugea-
tion method with thebuffer solution. Thepdleted eryth-
rocytes were re-suspended in 3.0 mL of phosphate
buffer saline (PBS) sol ution and passed twi cethrough
newly packed columns(3.5cmina30 mL syringe) of
cdlulose-microcrystalinecellulose(ratio 1:1; w/w) to
obtain erythrocyte suspension sufficiently devoid of
leucocytesand platelets. The pdlleted erythrocyteswere
finally re-suspended in 6.0 mL of PBSto obtain ap-
proximately 10% haematocrit according to Chikezie et
al.,l*3, A 2,0mL portion of the separate pelleted eryth-
rocyte genotypeswere lysed by freezing/thawing as
described by Galbraith and Watts,!*® and Kamber et
al.,®, The erythrocyte haemolysate was used for the
measurement Ery-GST activity.

Malaria parasitedensity test

Portion of 2.0 mL of the blood sampleswere col-
lected into EDTA bottles for malaria parasite tests.
Measurement of parasite density of peripheral blood
smear washy Giemsagtained techniques. Thefilmswere
examined microscopically using x100 objective under
oil immersioni*2, Participantswith parasitaemialevels
within therangeof 1000 to 9999/uL wereused for the
present studly.

Erythrocytes haemolysate haemoglobin concen-
tration

A modified method”, based on
cyanomethaemoglobin reaction was used for the de-
termination of haemolysate haemoglobin concentration.
The expressed valueswerein grams per deciliter (g/
dL). A 0.05mL portion of erythrocyte haemolysatewas
added to 4.95 mL of Drabkin reagent (100 mg NaCN
and 300mgK Fe(CN), per liter). Themixturewas| eft
to stand for 10 min at room temperature(25+5°C) and
absorbance read at Amax = 540 nm against a blank.
The absorbance was used to eva uate haemol ysate hae-
mogl obin concentration by comparing thevaueswith
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the standards.
Erythrocyteglutathione S-transferase

Ery-GST activity was measured by the method
of Habig et al.,’”? as described by Pasupathiet al.,
(49 with minor modifications according to Chikezie
et al.,'. Thereaction mixture contained 1.0 mL of
0.3 mM phosphate buffer (pH = 6.5), 0.1 mL of 30
mM 1-chloro-2, 4-dinitrobenzene (CDNB) and 1.7
mL of distilled water. After pre-incubating the reac-
tion mixture at 37°C for 5 min, the reaction was
started by the addition of 0.1 mL of erythrocyte
haemolysate and 0.1 mL of GSH substrate. The ab-
sorbance was measured at time intervals of 30 sfor
5 min at Amax = 340 nm. Ery-GST activity was ex-
pressed in international unit per gram haemoglobin
(IU/gHDb) using an extinction coefficient () of 9.6
mM-* cmin areaction mixture in which 1 mole of
GSH was oxidized (Equation 1).

Calculation of Ery-GST activity

EA = li_'l-l:l: v 0D /min % Ve

(Hb) h) Vi
Where; E, =Enzyme activity in U/gHb; [Hb] =
Haemolysate haemoglobin concentration (g/dL);
OD/min = Change per minin absorbanceat 340 nm.;
V . =Cuvettevolume (total assay volume) =3.0mL .,
V,,=Volume of haemolysate in the reaction system
(0.05mL).

Satistical analyses

Equation 1

Theexperimentsweredesignedinacompletdy ran-
domized methodand data collected were anayzed by
theanaysisof variancgprocedurewhiletrestment means
were separated by the least significancedifference
(LSD) incorporated inthe statistical analysissystem
(SAYS) package of 9.1 version (2006). Thecorrelation
coefficientsbetween theresultswere determined with
Microsoft Office Excel, 2010 version.

RESULTS

Thereferencevauesof Ery-GST activity of mae
participant of HbAA, HbAS and HbSS genotypesis
presented inTABLE 1. Ery-GST activity of thehuman
erythrocyte genotypeswasintheorder: HbSS>HbAS
> HDSS. The control values of Ery-GST activities
of non-malarious and malarious male participants
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TABLE 1: Erythrocyteglutathione S-transfer aseactivity of maleparticipantsadminister ed with pyrimethamine/sulphadoxine

mixtureand quinineatt=0h

Ery-GST Activity (IU/gHDb)

Genotype NMAL MAL
PS(n=11) Q=9 PS(n=9) Q(n=26)
HbAA 3.40 £ 0.05°¢ 3.27+0.13°¢ 2.81+0.76>¢ 252+ (.235¢
HbAS 4.25+0.10° 4.30+0.07° 2.75+0.16 279+0.11°
HbSS 12.50 + 1.582 11.65+ 1.202 12.19+ 1.76* 1221+ 1.13%

M eanswith thedifferent letter saresignificantly different at p>0.05. NM AL : non-malariousparticipants;, M AL: malarious
participants, PS: pyrimethamine/sulphadoxinemixture; Q: quinine; n: number of maleparticipants.
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Figurel: Relativeerythrocyteglutathione S-transferaseactivity of HbAA genotype of maleparticipantsadministered with
pyrimethamine/sulphadoxine mixtureand quinine. NM AL PS: non-malariousmale participantsadministered with py-
rimethamine/sulphadoxinemixture; MAL PS: malariousmaleparticipantsadminister ed with pyrimethamine/sulphadoxine
mixture; NMAL Q: non-malariousmaleparticipantsadminister ed with quinine; M AL Q: malariousmaleparticipantsadmin-
istered with quinine.

were within the ranges of 3.27 + 0.13 — 12.50 +
1.581U/gHband2.75+0.16—12.21 + 1.20 TU/gHb
respectively.

A comparative overview of Ery-GST activities
of three erythrocyte genotypes of participantstreated
with pyrimethamine/sul phadoxine mixture and qui-
nine, within the experimental time intervalsof O h
<t< 18 h, aresummarizedin Figures 1, 2 and 3. The
Ery-GST activity was presented as rel ative enzyme
activity (%) at the given experimental timeintervals
to that of the enzyme activity at t=0h.

Prior to administration of the two antimalarials
to the participants, Ery-GST activities of the three
genotypes were in the increasing order: HbSS >
HbAS > HbSS. The profiles of Ery-GST activities
of thethree erythrocyte genotypeswereirrespective
of malarid status of the participants. However, there
was no significant difference (p> 0.05) in Ery-GST
activity between HbAA and HbA S erythrocytes (Fig-

ures 1 and 2). Furthermore, Ery-GST activities of
parasitized erythrocyteswere significantly (p< 0.05)
lower than that of non-malarious participants, ex-
cept Ery-GST activity of HbSS erythrocyte geno-
type.

Ery-GST activity of mdariousparticipantsof HbAS
genotypegavethelowest level enzymeactivity att=6
hfollowing the administration of quinine (Figure 2),
whereas md arious participantsof HbSS genotypegave
peak Ery-GST activity = 12.58 IU/gHb att =18 h
(Figure3).

Generdly, thepatternsof Ery-GST activitiesinthe
presence of thetwo antima arialsexhibited abiphasic
profile. Thefirst phaseshowed decreasinglevelsof Ery-
GST activity withint <6 hfollowingtheadministration
of pyrimethamine/sul phadoxine mixtureand quinineto
the non-malarious and malarious male participants. In
the second phase, Ery-GST activity increased when
theexperimental t>6 h.
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Figure2: ReativeEry-GST activity of HbASgenotype of maleparticipantsadminister ed with pyrimethamine/sulphadoxine
mixtureand quinine. NM AL PS: non-malariousmaleparticipantsadminister ed with pyrimethamine/sulphadoxinemixtur €
MAL PS: malariousmaleparticipantsadminister ed with pyrimethamine/sulphadoxinemixture; NM AL Q: non-malarious
maleparticipantsadministered with quinine; M AL Q: malariousmalepar ticipantsadminister ed with quinine.
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Figure3: RelativeEry-GST activity of HbSSgenotypeof maleparticipantsadminister ed with pyrimethamine/sulphadoxine
mixtureand quinine. NM AL PS: non-malariousmaleparticipantsadminister ed with pyrimethamine/sulphadoxinemixtur €
MAL PS: malariousmaleparticipantsadminister ed with pyrimethamine/sulphadoxinemixture; NM AL Q: non-malarious
maleparticipantsadministered with quinine; M AL Q: malariousmalepar ticipantsadminister ed with quinine.

DISCUSSION

Human GST activity, though not routindy assayed
inclinical |aboratories, could serveasauseful marker
enzymein diagnostic pathol ogy. For instance, over-ex-
pressonof GST inerythrocytesof patientswith chronic
rend failurd? and uremid?! havereceived immense
attentions and documentations. Patientswith hepato-
cellular damage present elevated plasma GST activ-
ityt®8, In addition, low GST activity consequent upon
impairedplacental detoxification pathwaysmay rep-
resent a risk factor for recurrentearly pregnancy

losg* and as an indicator of oxidative stress at
birth®, Thelevel of expression of GST could pro-
vide useful diagnostic parameter in carcinomaof the
breast!* and bladder*.

The present report showed that Ery-GST activ-
ity of the human erythrocyte genotypes was in the
order: HbSS > HbAS > HbSS (TABLE 1), which
was in concordance with previous findings. Ac-
cording to Shalev et al.,* comparative raised lev-
els of Ery-GST activity of HbSS genotype was the
outcome of corresponding raised levels of oxidants
inthiserythrocyte genotype. Theintermediate level
of Ery-GST activity of HbAS erythrocytes was a
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reflection of the hybrid nature of heterogeneouseryth-
rocytelt,

Previousinvestigationsby Sarinet al.,*! reveded
that parasitaemiacaused decreased level s of enzyme
activitiesassociated with theglutathionesystem such as
glutathi one peroxidase (GPx), glutathionereductase
(GRx) and GST activitiesof erythrocytelysates. Ac-
cordingly, the present study showed that Ery-GST ac-
tivitiesof parastized erythrocytesof HDAA and HbAS
genotypes exhibited significant (p< 0.05) decreased
levels of enzymeactivity compared to corresponding
Ery-GST activity of non-malarious participants (Fig-
ures 1 and 2), which corroborated thefindingsof Sohail
et al.,[™. Therefore, low level of Ery-GST activity
probably served as host defense strategy against the
malarial parasitesthrough up-regulation of oxidative
protection mechanisms. In addition, Ery-GST activity
served asabiomarker for diagnostic and therapeutic
eventsin malaria. For similar purposes and reasons,
reports have equally shown that patientsinfected with
themdarid parasited>® and causativeorganismof vis-
cerd Leishmaniasis® exhibited lower plasmaleve sof
reactive oxygen and nitrogen species (RONS) antago-
nist such asglutathione (GSH), catalase and a-toco-
pherol thaninthe control groups. Therefore, inocula
tion of malarial parasitesinto biologic systems, most
probably,dicitsthe production of reactive oxygen spe-
cies(ROS) asapart of host defense strategy against
theinvading parasites®. Thenon-significant difference
(p>0.05) in Ery-GST activity betweenthe non-mdari-
ousand malarious participants of HbSS genotype (Fig-
ure3), implied that the host HbSS erythrocytes did not
turn on the oxidative up-regulatory pathwaysthat are
involvedin the control measuresand dimination of the
parasite. Expectedly, the perpetua high oxidative state
of HbSS erythrocytes™ provided and sustained thereq-
uisteanti-fecundity cgpabilitiesof thiserythrocytegeno-
typeagainst themdaria parasites.

Furthermore, low levels of Ery-GST activity of
malarious participantswasin connection to malarial
pathophysiology described € sewhere6%2, Theinges-
tion and degradation of large quantitiesof haemoglobin
by mdarid parasitedicitsthegeneration of potentialy
paragitotoxic FPIX. Accordingly, FPIX efficiently binds
to P. falciparum GST (pfGST)4 aswell asto Ery-
GST, preferably to the GST-GSH complex?, and
thereby, engenders uncompetitiveinhibition of GSTs.

In the first phase enzyme activity profile, Ery-
GST showed decreasing level of activity with pro-
gression of experimental time, which was in con-
cordance with previous reports®2324, The second
phase showed evidence of recovery and activation
of Ery-GST activity, exemplified by increasing level
of the enzyme activity with increasing experimental
time. The positive activation of Ery-GST activity in
the second phase of Ery-GST activity profile was
the outcome of generation and accumulation of ROS
associated with the molecular events of the first
phase enzyme activity profile. Therefore, ROS in-
duced positive activation of Ery-GST activity served
asameasureto detoxify and neutralize the cytotoxic
ROS, in efforts to restore erythrocyte homeostasis.
In agreement with the present findings, Hayes and
Pulford®!, had proposed that cellular GST activity
was under the regulatory mechanism of ROS and
activation of GST activity can be considered as an
adaptive responsefor the detoxification of cytotoxic
carbonyl-, peroxide and epoxide-contai ning metabo-
lites released in the cell by oxidative stress.

Theoverdl pattern of Ery-GST activity withinthe
experimental time (0 <t< 18 h) showed evidence of
antimdarid induced disturbanceof erythrocytehomeo-
stasis, which could be of relevancefromtoxicological
standpoints and for monitoring therapeutic eventsin
maaria disease.
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